The cost-effectiveness of ensuring hepatitis B protection among healthcare personnel 
Exposure Variables

Probability of Blood and Body Fluid Exposure
The annual probability of BBF exposure was calculated as the sum of the annual probability of percutaneous exposure and the annual probability of mucosal exposure. The annual probability of percutaneous exposure was set equal to the median self-reported probability of exposure of HCP from 5 studies of percutaneous exposures published after 2000 (the Needlestick Safety and Prevention Act was signed into law in 2000).
1-5 For one-way sensitivity analyses, we used the lowest and highest reported values. The annual probability of mucosal exposure was determined in a similar fashion, based on 4 studies. [1] [2] [3] [4] Based on evidence that the percutaneous exposures are up to twice as likely among trainees as among non-trainees, a panel of experts 6 recommended multiplying the median percutaneous and mucosal rates by 1.75 to set the value for trainees. In addition, both probabilities included all exposures experienced by the HCP, not just those the HCP reported to his or her employer. More than half of percutaneous exposures were reported to the employer, compared with only 17% of mucosal exposures. We accounted for reporting when we calculated the probability of infection from source patients who are HBsAg-positive. 6 
Probability that Source Patient has Hepatitis B
The probability that the source patient is HBsAg-positive was 0.009. This figure was a This figure assumes that the rate of HBsAg-positivity for unknown sources (estimated to account for 6% of exposures) is the same as that for known sources. The value reflects the current prevalence of hepatitis B virus (HBV) infection, which is lower now than in the 1990s and earlier.
Probability of Serologic Evidence of Protection
The proportion of HCP with serologic evidence of protection (anti-HBs ≥10 mIU/mL) differs between trainees and non-trainees. Trainees are more likely to have completed vaccination at age <1 year. The median proportion of anti-HBs levels ≥10 mIU/mL approximately 20 years later is 0.2 for persons vaccinated at <1 year of age, based on data extrapolated from subjects followed for approximately 5 to 15 years. [7] [8] [9] [10] [11] Most non-trainees completed vaccination at age ≥1 year. The median proportion of anti-HBs levels ≥10 mIU/mL measured approximately 20 years later is 0.8 for persons vaccinated at ≥1 year of age, based on subjects followed for approximately 5 to 30 years. [12] [13] [14] [15] [16] [17] [18] [19] [20] Low and high values for the one-way sensitivity analyses are drawn from the range of proportions in studies for vaccination at age <1
and at age ≥1 year.
Among HCP whose anti-HBs level is <10 mIU/mL at time distant from vaccination, a response to a single challenge dose of HepB vaccine is assumed to be evidence of protection. For the model, response to a challenge dose of HepB vaccine is defined as the probability that an HCP who received a complete series of HepB vaccine in the remote past and who currently has anti-HBs <10 mIU/mL will reach anti-HBs ≥10 mIU/mL after the challenge dose. For trainees, the proportion of responders (60%) is derived from U.S. subjects vaccinated at age <1 year who were followed for approximately 5 to 15 years. [8] [9] [10] [11] For non-trainees, the proportion of responders (75%) is derived from U.S. subjects vaccinated at age ≥1 year who were followed for approximately 5 to 22 years. 14, 17, 19 These values were extrapolated using linear trend lines fit to available data.
Probability of Hepatitis Infection if BBF Exposure Occurs, Source Patient Has Hepatitis B, and HCP Is Not Protected
The probability of infection varies depending on whether the exposure was percutaneous or mucosal. The probability for percutaneous injuries is based on the probability of serological evidence of HBV among HCP after sustaining a needlestick injury from a needle contaminated with blood containing HBV (figures for needlestick injury were applied to all percutaneous exposures). Specifically, the probability was calculated as follows 21 : Similar data on infectivity do not exist for mucosal exposures. Because mucosal exposures are considered to be less infectious than percutaneous exposures, we set the mucosal probability of infection equal to half the percutaneous value.
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Because percutaneous exposures are more infectious and more likely to be reported than mucosal exposures, the probability of infection after a reported BBF exposure differs from the probability of infection after an unreported BBF exposure. Accordingly, we calculated separate values for the probability of infection after a reported BBF exposure and the probability of infection after an unreported BBF exposure.
Overall Probability of HBV Infection
The probability of infection in a 1-year period is calculated as follows:
5 (probability of BBF exposure) * (probability the source patient is HBsAg-positive) * (probability HCP is not protected) * (probability of infection given source patient is HBsAgpositive and HCP is not protected)
Total intervention costs of each strategy depend on the number of anti-HBs tests, number of HepB vaccine doses, costs of source patient testing, additional costs to the employer occupational health department, and-for infected HCP-medical costs of hepatitis B-related treatment. HCP who become infected experience utility loss arising from hepatitis-related complications. Parameters for these variables are shown in Table 1 in the published article.
Impact of Hepatitis B Infection
We used a hepatitis B cost-effectiveness model 23 to calculate the lifetime consequences of HBV infection. The model accounts for the fact that some acute HBV infections are asymptomatic, whereas others require treatment that may include hospitalization or liver transplantation; it also accounts for the 6% of acute infections in adults that progress to chronic infection. For trainees, we calculated the present value of future hepatitis-related medical costs and QALY losses for an acute infection at age 25. For non-trainees, we assumed that the infection occurred at age 35. The choice of age at infection has relatively small effects on the projected lifetime costs and QALY losses.
Protection after Revaccination (Challenge Dose plus Two Additional Doses)
Protection after revaccination was defined as the probability that an HCP who had received a complete series of HepB vaccine in the remote past with anti-HBs <10 mIU/mL and failed to reach anti-HBs ≥10 mIU/mL after a single additional (challenge) dose of vaccine will reach anti-HBs ≥10 mIU/mL after 2 more doses of vaccine (complete revaccination). A value of 6 0.8 for both trainees and non-trainees was derived from 3 studies 8, 11, 17 conducted in the United States. Subjects in the studies were vaccinated both at <1 and ≥1 year of age.
Efficacy of HBIG
HBIG is provided to an HCP who is not protected and has been exposed to an HBsAgpositive source patient. The efficacy of HBIG represents the probability that a non-protected HCP would be protected against a recent HBV exposure after one dose of HBIG. A value of 0.8
for the efficacy of HBIG was derived from a review article and was based on 216 persons who sustained percutaneous exposure to HBsAg positive material and 25 spouses exposed to acute HBV infection. 24 
Intervention Cost Components
Intervention cost components and sources are shown in Table 1 in the published article.
Costs for laboratory tests come from the Medicare Clinical Laboratory Fee Schedule. For oneway sensitivity analyses, low values were set 25% lower than base values. High values were based on the list price that a medical student might be charged by a hospital laboratory, under the assumption that such tests would not be covered by insurance because they are not medically necessary. For probabilistic sensitivity analyses, the costs for laboratory tests are drawn from a normal distribution with 95% confidence intervals that are ±25% of the base values.
Sensitivity Analyses
One-way and probabilistic sensitivity analyses are performed. For each run in probabilistic sensitivity analyses, key input parameters are drawn from appropriate distributions (beta and normal distributions for probabilities and costs, respectively). For the probability that the source patient has HBV infection, we use a beta distribution with a mean of 0.009, based on Under this strategy, management only occurs if BBF exposure occurs, is recognized by the HCP, and is reported to the employer. If no BBF exposure occurs, the HCP is not infected, and no costs are incurred. If BBF exposure occurs but is not recognized or reported, the probability of infection depends on the probability that the source patient is HBsAg-positive, the probability the HCP is not protected, and the probability of infection given those parameters. If 8 BBF exposure occurs and is reported, the HCP will receive an anti-HBs test and the source patient will be tested for hepatitis B surface antigen (HBsAg) simultaneously. If the anti-HBs is ≥10 mIU/mL, the HCP has serologic evidence of protection, and no further management occurs.
If the anti-HBs is <10 mIU/mL, management depends on whether the source patient is HBsAgpositive or HBsAg-negative: if the source patient is HBsAg-positive, the HCP receives Hepatitis B Immune Globulin (HBIG) and 1 additional dose of HepB vaccine, completes revaccination (a total of 3 additional doses), and is tested for anti-HBs 1 to 2 months after the last HepB vaccine dose. If the HCP still does not show serologic evidence of protection after these doses, the HCP may be a nonresponder or be HBV infected based on the probability of infection given that the source patient is HBsAg-positive and the HCP is not protected. If the source patient is unknown, or unavailable for testing, management proceeds as if the source was HBsAg-positive. If the source patient is HBsAg-negative, the HCP receives no HepB vaccine doses or HBIG.
Under each of the above scenarios, if the HCP is known to be protected, he or she is deemed a known responder, no further management will occur, and the HCP will not become infected. If a known non-responder has a reported BBF exposure and the source patient is HBsAg-positive (or unknown), the HCP will receive 2 doses of HBIG. The HBIG will provide additional protection against infection; however, some HCP will remain unprotected and face the probability of infection given that the source patient is HBsAg-positive and the HCP is not protected.
RESULTS
The probability that an HCP will be infected with HBV is shown for each management strategy, applying the 95% assumption of sustained vaccine-induced protection (Table A-1) .
With no intervention, the probability of infection is 4.779 per 100,000 HCP. The interventions increase the probability that the HCP is protected. The pre-exposure challenge dose of HepB vaccine produces the lowest probability of infection (0.652 per 100,000 HCP), followed by postexposure evaluation with follow-up only for HCP exposed to source patients with positive or unknown HBsAg status (2.955 per 100,000 HCP). In the 1-year model, the pre-exposure ICERs are higher because we assumed a high initial probability of protection resulting in low incremental QALYs. The credible interval is wide, reflecting the uncertainty about initial probability of protection. 
